Abstract. Arsenic trichloride, ASC1 3
Introduction
Arsenic trichloride, AsCl,, is not only of fundamental interest as a binary molecule but also a superb solvent with a large liquid range (Fp. -16°C, Bp. +130°C), with comparatively low viscosity and a relatively high dielectric constant (ε = 12.8).' Therefore, the certain assignment of the fundamental frequencies of this molecule is of general and wide interest (especially for the experimentalist).
The structure of arsenic trichloride, AsCl, (C, v ), has been determined by microwave spectroscopy and the structural parameters can be stated as d(As-Cl) = 2.161±0.006 A and <(C1-As-Cl) = 98.7±0.3°.
2 There have also been many reports on the vibrational spectrum of AsCl,, however, one band (v,) has been in dispute for quite some time. This band was assigned as 307 cm" by Davis and Oetjen and at 396 cm" by Lunelli et al. In 1974 Clark and Rippon reported the V, band on the basis of a vapor phase Raman spectrum as 391 cm"'. In recent studies the quality of density functional calculations for heavy halogen containing main group molecules as well as for binary arsenic systems was tested. It has been established that usually the calculated vibrational frequencies are in good agreement with the experimental values. Therefore, we decided to calculate the fundamental frequencies of AsCl, employing DFT theory.
In this contribution we again confirm the assignment made by Lunelli et al. and by Kondyurin et al. and show that this assignment as well as the experimental structure are in reasonable agreement with the results from electron-correlated ab initio and DFT computations.
Materials and Methods
Materials. Arsenic trichloride (Aldrich, 99.99%), AsCl,, was dried over P 4 0| (l and distilled prior to use. Spectroscopy. Gas infrared spectra were recorded at 20°C (0.1 in. Hg, 10 cm Monel cell, Csl windows) on a Philips PU9800 FTIR spectrometer.
Computations. The structure and the vibrational spectrum of the AsCl, molecule were computed at HF and MP2 levels of theory as well as using the hybrid method which includes a mixture of Hartree-Fock exchange with DFT exchange-correlation. Becke's 3 parameter functional where the non-local correlation is provided by the LYP expression (Lee, Yang, Parr correlation functional) was used which is implemented in the program package Gaussian 94. For a concise definition of the B3-LYP functional see ref. 11. For both atom kinds, CI and As, a quasi-relativistic pseudopotential (LANL2DZ) 10 was used where the basis functions for the valence s and ρ electrons consist of the standard double-ζ basis set (notation B3-LYP/LANL2DZ). Calculating the frequencies in all cases the second derivatives of the energy were computed numerically using analytically calculated first derivatives.
Results and Discussion
The structure of the AsCl, molecule was computed ab initio at the HF and electron correlated MP2 levels and in addition at the B3-LYP level of theory. The calculated data are in reasonable agreement with those obtained by microwave spectroscopy (Table I )" and give credence to the levels of theory applied.
The experimental data for the gas phase IR spectrum of AsCl, obtained in this study are nicely in agreement with earlier data reported by Lunelli et al. and by Kondyurin et al. (Table II) . 5 7 On the basis of our . 20, No. 2, 1997 Vibrational Spectrum of Arsenic Trichloride experimental results and in comparison to previous reports there is no doubt that the (experimentally observed) fundamental frequencies of AsCl, can be assigned as follows:
Vol
v, (A,) 416 ± 4 cm"', v 2 (A,) 192 ± 2 cm" 1 , ν, (E) 393 ± 3 cm"' and v 4 (E) 152 ± 3 cm" 1 .
The calculated vibrational frequencies of AsCl, are given in Table II together with the experimentally observed data. d An empirical scaling factor of F =1.17 was applied. The scaling factor was derived from the experimental (IR) and calculated zpe values: F = zpe(IR) / zpe(B3-LYP). This is not unreasonable since it is known that correlated DFT studies sometimes overestimate the correlation energy.
